Socioeconomic inequalities in dental caries and their determinants in adolescents in New Delhi, India. by Mathur, MR et al.
Socioeconomic inequalities in dental
caries and their determinants in
adolescents in New Delhi, India
Manu Raj Mathur,1 Georgios Tsakos,2 Christopher Millett,3 Monika Arora,1
Richard Watt2
To cite: Mathur MR,
Tsakos G, Millett C, et al.
Socioeconomic inequalities in
dental caries and their
determinants in adolescents
in New Delhi, India. BMJ
Open 2014;4:e006391.
doi:10.1136/bmjopen-2014-
006391
▸ Prepublication history for
this paper is available online.
To view these files please
visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2014-006391).
Received 18 August 2014
Revised 10 November 2014
Accepted 27 November 2014
1Public Health Foundation of
India, New Delhi, India
2Department of Epidemiology
and Public Health, University
College London, London, UK
3School of Public Health,
Imperial College London,
London, UK
Correspondence to
Dr Manu Raj Mathur;
manu.mathur@phfi.org
ABSTRACT
Objectives: To determine whether socioeconomic
inequalities are correlated to dental caries experience
and decayed teeth of Indian adolescents, and assess
whether behavioural and psychosocial factors mediate
this association.
Methods: Cross-sectional study of 1386 adolescents
living in three diverse areas of New Delhi. Caries
experience and number of decayed teeth were assessed
clinically and a questionnaire was used to gather
sociodemographic and psychosocial data. Zero Inflated
Negative Binomial regression models were used to
assess the relationship between the outcomes (caries
experience and decayed teeth) and area of residence,
adjusting for covariates.
Results: Significant inequalities in caries experience
and number of decayed teeth were observed. Odds of an
adolescent being caries free decreased by 66% (OR
0.34, 95% CI 0.23 to 0.49) and 70% (OR 0.30, 95% CI
0.21 to 0.43) in adolescents living in resettlement
communities or urban slums, respectively, when
compared with the middle class group. No difference
was observed among those with caries experience/
decayed teeth. Adjusting for covariates did not affect the
inequalities.
Conclusions: Area of residence appears to be a very
strong and significant determinant for an adolescent to
be caries/decay free in India. Psychosocial and
behavioural factors do not mediate the association
between area of residence and oral health.
INTRODUCTION
Oral diseases are among the most common
chronic diseases worldwide.1 Oral diseases
not only have an impact on general health
and quality of life but may also increase the
risk of mortality.2 Treatment of oral diseases
are costly in the healthcare system and for
individuals, especially for those from low-
income and deprived households.2
There are widespread inequalities in oral
health outcomes within and between differ-
ent countries of the world.3 However, most
studies examining social inequalities and
gradients in oral health have been con-
ducted in high-income countries with popu-
lations that generally lie above the poverty
line. As such, they do not focus on whether
social health inequalities exist in the context
of absolute poverty. No study on oral health
inequalities from India has considered popu-
lations from extremely deprived areas like
urban slums and resettlement communities.
Different theories have highlighted various
explanations of inequalities observed in
general as well as oral health.4–8 According to
these, inequalities arise because of adverse
material circumstances, health-affecting beha-
viours or due to various psychosocial factors.
Although there is a considerable amount of lit-
erature on general health,9–11 there is a
paucity of evidence in the dental literature for
examining how different behavioural, psycho-
social and socioenvironmental factors inﬂu-
ence oral health inequalities.
Our study assessed the impact of socio-
economic inequalities on dental caries among
adolescents living in different geographical
areas and conditions in the city of New Delhi,
India. We also explored the effect of material,
psychosocial and behavioural determinants on
these inequalities in dental caries among
adolescents.
Strengths and limitations of this study
▪ Very few studies have examined the impact of
absolute poverty on the oral health of adoles-
cents in low-income and middle-income coun-
tries. This study addresses this gap.
▪ Fairly large sample size with high response rate.
▪ Wide array of material, psychosocial and behav-
ioural variables tested through standardised and
reliable questionnaire.
▪ This is a cross-sectional study where data was
collected at one point of time.
▪ Risk of reporting and interviewer bias.
▪ Measurement issues with the scales used for
psychosocial variables and for studying material
deprivation.
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METHODS
The study was carried out in the National Capital
Territory (NCT) of Delhi. Nearly 0.2 million people
migrate to Delhi every year and the majority of them
reside in urban slums; they constitute about 20% of the
total population of Delhi.12 Many migrants as well as the
urban poor also reside in unauthorised and resettlement
communities (settlements which have recently been lega-
lised by the Government and were previously slums; these
are better off economically in comparison to slums).
Study population
This cross-sectional study was conducted among adoles-
cents, aged 12–15 years, living in three diverse residen-
tial areas of New Delhi reﬂecting their economic
position: urban slums; resettlement communities; and
middle and upper middle class communities.
Study tools
Data were collected through an interviewer-administered
questionnaire and a clinical examination. The question-
naire measured material resources, neighbourhood social
capital, social support, health-related behaviours (alcohol
and tobacco use, diet, frequency of tooth brushing) and
key sociodemographic variables. The questionnaire
included pre-existing questions and scales which were
checked for reliability and validity in the study population
during a pilot study. Material resources were assessed using
the National Family Health Survey (NFHS) Standard of
Living Index which has been validated and used exten-
sively to assess material deprivation in India. Social Capital
was measured by a scale developed by Gage et al.13 This
scale has been adapted from Health Behaviour in School
Children (HBSC) study conducted by the WHO.14 Social
Support was measured by using Social Support Scale for
Adolescents developed by Seidman et al.15 The questions
to assess health-related behaviours in adolescents were
derived from the WHOHBSC survey.14
A non-invasive clinical examination was performed. We
used the Decayed Missing and Filled Teeth (DMFT) index
to measure the level of dental caries and decayed teeth.16
The DMFT index was calculated on every adolescent by
using a mouth mirror and a blunt probe. A systematic and
standardised approach was used to examine the teeth
based on the WHO criteria.16 Two trained dentists, includ-
ing the lead investigator, performed the non-invasive clin-
ical dental examination. Examiners were mixed
periodically so that no particular examiner was conﬁned to
just one particular area for data collection and both exami-
ners were exposed to the broad population. Interexaminer
and intraexaminer reliability was checked by repeating the
dental examinations on 70 adolescents (5% of the
sample). Cohen’s unweighted κ coefﬁcient of agreement
was used to check for internal consistency. Interexaminer
and intraexaminer agreement was above 0.83 for all teeth
in the DMFT index.
Study sample
Slums and resettlement communities were identiﬁed
from an ofﬁcial list of registered resettlement communi-
ties and urban slums. The inclusion criteria were (A)
communities within a radius of 25 km from the research
ofﬁce, (B) slum and resettlement community present
together as a cluster, (C) more than 500 households in
each component of the cluster and (D) have a known
non-governmental organisation working for the commu-
nity and willing to participate in the research. We identi-
ﬁed 14 slums and resettlement communities. A census
was performed in each of these communities to collect
demographic data.
Adolescents from middle and upper middle class house-
holds in India generally study in private schools which
have English as the medium of education and charge
higher fees (‘English Medium Schools’). These schools
were targeted to obtain the desired sample of adolescents
belonging to middle and upper middle class homes.
Inclusion criteria for English medium schools were: (A)
those having secondary level classes, (B) present in the
same vicinity as that of the low-income communities in the
sampling frame, (C) having at least 40 pupils per class and
(D) being coeducational (boys and girls).
We used multistage random sampling. Five slums and
resettlement communities were randomly selected from
the 14 identiﬁed communities. Among the selected com-
munities, all households having at least one child in the
age group of 12–15 years were identiﬁed. Eligible house-
holds were randomly selected and approached to request
adolescents to participate in the study. If a household
had two or more eligible adolescents, then all of them
were invited to participate. Five English medium private
schools were randomly selected from a list of 48 identi-
ﬁed schools. From the selected schools, grades which
normally have children of 12–15 years of age were identi-
ﬁed. The class teacher then assigned random numbers to
eligible adolescents in order to maintain the anonymity
of the identity of students. Adolescents were then ran-
domly selected from the provided list of numbers. Both
the parents and adolescents signed the consent forms
after having been informed about the study.
Sample size was calculated for difference in means of
the two clinical outcomes (caries experience and
decayed teeth) between the three different adolescent
groups, with 80% power and 5% signiﬁcance level. The
differences in mean values of the clinical outcomes were
obtained through a pilot study conducted on 150 adoles-
cents from a setting similar to that of this study. The cal-
culated sample size was increased by a factor of 25% to
account for potential non-response, and then by a factor
of 1.3% to account for the effect of clustering. The esti-
mated sample size was 1338 adolescents (446 adolescents
per group).
Variables
Main explanatory variable in this study was the adoles-
cent’s socioeconomic position assessed through area of
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residence (slums, resettlement communities, middle and
upper middle class homes). Covariates are grouped into
the following categories: (A) material resources, (B)
neighbourhood social capital (bridging and bonding types
of social capital measuring trust, norms and reciprocity in
a community), (C) social support and (D) health-related
behaviours (diet, tobacco and alcohol use, brushing fre-
quency, visit to a dentist, getting bullied and involvement
in physical ﬁght). All these covariates were signiﬁcantly
associated with socioeconomic position in bivariate ana-
lyses (results not shown) and were accounted for in the
multivariable models. Outcome variables were dental
caries experience and prevalence of decayed teeth.
Data analysis
Descriptive statistics were calculated to assess the fre-
quency distributions of explanatory and outcome vari-
ables. As there were a high number of zeros (caries-free/
decay-free teeth) in the outcomes and the variance was
considerably greater than the mean, Zero Inﬂated
Negative Binomial (ZINB) regression analysis was used to
assess the association between area of residence and
caries experience (DMFT) and the number of carious
teeth (decayed teeth; DT).17 A ZINB regression generates
two separate models. The ﬁrst model is a logit model gen-
erated for a ‘certain zero’ in the outcome (ie, if no
decayed, missing or ﬁlled teeth if DMFT or no active
caries if DT is the outcome) and predicts whether or not
an adolescent would be in this group. The second model
is the negative binomial model predicting the count of
those adolescents who are not in the ‘certain zero group’
,that is, by checking the number of decayed, missing or
ﬁlled teeth among those with DMFT>0 or at the number
of decayed teeth among those with DT>0, respectively.
All analyses were conducted in Stata V.12.
RESULTS
A response rate of 86.6% was achieved (n=1386). There
were 736 (53.1%) boys and 650 (46.9%) girls; propor-
tions that are almost the same to the gender distribution
of Delhi NCT (53.6% males and 46.4% females).18
Overall, 460 (33.2%) adolescents belonged to the
middle and upper middle class group, 462 (33.3%) were
from resettlement communities and 464 (33.5%) from
urban slums. Almost half (49.7%) of the clinically exam-
ined adolescents had previous caries experience. The
mean DMFT was 1.36 (1.27 to 1.46). Of the 689 adoles-
cents with caries experience, 644 had decayed teeth at
the time of clinical examination (mean=1.21; 95% CI
1.12 to 1.31).
There was a clear social gradient, with consistently
greater levels of caries experience (DMFT) at each lower
level of area of residence of adolescents (p<0.0001).
Adolescents from middle/upper middle class homes had
mean DMFT of 0.96 (95% CI 0.82 to 1.21), those from
resettlement communities had a mean of 1.38 (95% CI
1.23 to 1.54) and those from urban slums had a mean
DMFT of 1.74 (95% CI 1.55 to 1.93). Similarly, the mean
number of decayed teeth was higher at each lower socio-
economic group (p<0.0001). The mean number of
decayed teeth in adolescents from middle/upper middle
class homes was 0.72 (0.59 to 0.85), in those from resettle-
ment communities 1.34 (1.19 to 1.50) and in those from
urban slums 1.58 (1.40 to 1.76; table 1 and ﬁgure 1).
Table 2 shows the results of the ZINB regression
models for caries experience. Adjustment for covariates
Table 1 Socioeconomic inequalities in caries experience and decayed teeth
Variable
DMFT Carious teeth
Mean (95% CI) Median* (IQR) Mean (95% CI) Median* (IQR)
Middle/upper middle class 0.96 (0.82 to 1.21) 0 (0–1) 0.72 (0.59 to 0.85) 0 (0–1)
Resettlement communities 1.38 (1.23 to 1.54) 1 (0–2) 1.34 (1.19 to 1.50) 1 (0–2)
Slums 1.74 (1.55 to 1.93) 1 (0–3) 1.58 (1.40 to 1.76) 1 (0–2)
*p<0.001.
DMFT, Decayed Missing and Filled Teeth.
Figure 1 Gradient in caries experience and mean decayed teeth according to area of residence.
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did not have a considerable effect on the inequalities
identiﬁed. Compared with the middle/upper middle
class adolescents, those living in resettlement communi-
ties had a signiﬁcantly lower OR of being caries free
(OR=0.33; 95% CI 0.23 to 0.49 in the unadjusted
model; OR=0.22; 95% CI 0.12 to 0.39 in the fully
adjusted model), and the same was the case for those
living in urban slums (OR=0.30, 95% CI 0.21 to 0.43 in
the unadjusted model and OR=0.22, 95% CI 0.11 to
0.46 in the fully adjusted models). In contrast, there
were no differences between the three residential sites
in relation to the number of teeth with caries experi-
ence (DMFT >0).
The respective results for decayed teeth were similar,
with a signiﬁcantly lower OR of being decay free for ado-
lescents from resettlement communities (OR=0.25; 95%
CI 0.17 to 0.37) and for those from urban slums
(OR=0.24; 95% CI 0.16 to 0.35) compared with their
more afﬂuent counterparts. The fully adjusted ORs were
0.21 (95% CI 0.14 to 0.32) for adolescents from resettle-
ment communities and urban slums in comparison with
adolescents from middle/upper middle class homes.
There were no signiﬁcant differences between the three
groups in the number of adolescents who had experi-
enced decayed teeth as compared with those currently
having decayed teeth (table 3).
DISCUSSION
We observed a monotonic gradient for the differences
in caries experience and decayed teeth between adoles-
cents living in diverse residential areas of New Delhi.
Our results showed that there is a signiﬁcant difference
between the proportion of individuals who were caries
free or individuals with decay-free teeth between the
three areas of residence. However, once an individual
experienced caries or developed tooth decay, it did not
matter as to which residential group they belonged to as
there were no signiﬁcant differences in the probability
of having one or more carious or decayed teeth between
the three groups.
The study population comprised of adolescents from
areas with extreme deprivation, such as urban slums.
Only two studies have looked at the inﬂuence of socio-
economic inequalities on dental caries in India,19 20 but
these did not study adolescents from extremely deprived
areas. Our ﬁndings in relation to the association of
socioeconomic inequalities with caries experience and
number of decayed teeth are similar to previous studies
conducted on adolescents21–25 and children.26–29
We used area of residence as an indicator of the socio-
economic position of the adolescents. Only one previous
study has looked at inequalities in dental caries by using
an area-based measure of socioeconomic position.27
Thomson and Mackay (2004), in their study on 9-year-old
school children from New Zealand, used area-based as
well as individual-based measures of socioeconomic pos-
ition and found that the inequalities in adolescent dental
caries were steeper when area-based measures were used
to deﬁne the socioeconomic position.
Adjusting for all others factors simultaneously in our
study did not cause a noteworthy change in the associa-
tions, showing that the combination of different factors
investigated in this study had a limited effect on the
observed inequalities in the incidence of adolescent
dental caries. Jung et al (2011) showed that behavioural
(brushing frequency, diet, smoking and alcohol use) and
family afﬂuence had no inﬂuence on the socioeconomic
inequalities observed for self-reported toothache, bad
breath and fractured teeth among South Korean adoles-
cents. However, when combined with psychosocial factors
(perceived stress and happiness), these factors partially
accounted for the inequalities seen in oral health.30
We collected data on oral hygiene-related (tooth brush-
ing frequency, dental visit frequency) and health-affecting
(tobacco, alcohol, involvement in physical ﬁght, diet)
behaviours to understand the effect of these behaviours
on socioeconomic inequalities in oral health. None of the
Table 2 Association between area of residence and caries experience adjusting for demographic variables, health-related
behaviours, material resources, social support and social capital† (N=1386)
Area of residence
Middle class
Resettlement community SlumsOR (95% CI)
Logit
Unadjusted 1 0.34 (0.23 to 0.49)* 0.30 (0.21 to 0.43)*
Adjusted for age, sex and religion 1 0.28 (0.19 to 0.41)* 0.25 (0.17 to 0.37)*
Fully adjusted for all covariates‡ 1 0.22 (0.12 to 0.39)* 0.22 (0.11 to 0.46)*
IRR (95% CI)
Negative binomial
Unadjusted 1 0.88 (0.73 to 1.05) 1.06 (0.89 to 1.26)
Adjusted for age, sex and religion 1 0.91 (0.76 to 1.09) 1.13 (0.94 to 1.35)
Fully adjusted for all covariates‡ 1 1.00 (0.76 to 1.34) 1.10 (0.78 to 1.54)
*p<0.001.
†Association tested using Zero Inflated Negative Binomial Regression Method.
‡Fully adjusted for age, sex, religion, health-related behaviours, material resources, social support and social capital.
IRR, Incidence Rate Ratio.
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health-affecting behaviours had any signiﬁcant effect on
inequalities in oral health observed in our study. Most of
the studies on adolescents and young children have also
shown a negligible or a minor effect of health-related
behaviours on inequalities in oral health.24 31 32
Material deprivation in our study was measured
through the NFHS standard of living index.33 This index
was ﬁrst developed in 2000 and assessed the availability
of basic material things required for living by an individ-
ual. However, India has since seen rapid economic devel-
opment leading to a general improvement in the
standard of living. Therefore, some of the items and
respective weights used in the standard of living index
may not be equally relevant in the current situation.
This measurement issue may partly explain why we were
not able to see any effect of material deprivation on
inequalities in incidence of dental caries.
Social capital is a multidimensional concept described
by different authors in different ways and therefore, is not
easily measured with only a few items.34 Putnam35 in his
description of social capital stressed that community par-
ticipation is also an intertwined feature along with trust
and norms of reciprocity, and forms an important compo-
nent of social capital. The social capital questionnaire13
used in our study measured the trust and norms of reci-
procity in the society but did not measure the level of com-
munity participation, which might be one of the reasons
of not ﬁnding any effect of social capital on inequalities in
caries experience and decayed teeth. While social support
may be seen as bi-directional (receiving as well as
giving),36 our scale of social support15 measured mainly
the received support or support available to an adolescent
and did not assess the aspect of ‘giving’ support to others.
Adolescents were sampled from extremely deprived
urban slums and deprived resettlement areas of New Delhi
thus providing a realistic reﬂection of oral health inequal-
ities in urban areas. We adopted scales and questions
from internationally validated questionnaires, and further
tested and adapted these for use on Indian adolescent
populations. We acknowledge a number of study limita-
tions in addition to the measurement issues about material
deprivation and psychosocial variables described above.
We studied only social capital and social support from the
vast array of psychosocial variables. There are many other
psychosocial variables like stress, depression and anxiety
which were not investigated. Thus, the results do not fully
cover the entire psychosocial pathway to oral health
inequalities. Furthermore, reporting bias cannot be ruled
out as adolescents who were well versed with the consent
form and objectives of the study might have given
responses that are either socially desirable or perceived to
be ‘wanted’ by the interviewer.
Our study ﬁndings suggest that the relative impact of
deprivation on oral health inequalities is seen only in
individuals who are disease free, with a clear gradient
indicating higher prevalence of adolescents free from
caries (or caries experience) for each consecutively less
deprived area of residence. Our study has also shown that
area of residence may be a very important determinant
of the oral health status of adolescents in India.
Psychosocial, material or behavioural characteristics did
not mediate the role of extreme living conditions on oral
health. This ﬁnding highlights the importance of health
promotion37 in reducing inequalities in oral health. In
order to reduce inequalities in dental caries experience,
there is a need to intervene early and prevent the onset
of dental caries and ‘act before it happens’ rather than
intervening after caries has affected the population.
There is a need to design policies which aim at primary
prevention and improving health by taking action on the
broader structural determinants of oral health.
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Table 3 Association between area of residence and decayed teeth adjusting for demographic variables, health-related
behaviours, material resources, social support and social capital† (N=1386)
Area of residence
Middle class
Resettlement community SlumsOR (95% CI)
Logit
Unadjusted 1 0.25 (0.17 to 0.37)* 0.24 (0.16 to 0.35)*
Adjusted for age, sex and religion 1 0.21 (0.14 to 0.31)* 0.20 (0.13 to 0.30)*
Fully adjusted for all covariates‡ 1 0.21 (0.14 to 0.32)* 0.21 (0.14 to 0.32)*
IRR (95% CI)
Negative binomial
Unadjusted 1 0.95 (0.78 to 1.17) 1.11 (0.91 to 1.35)
Adjusted for age, sex and eeligion 1 1.02 (0.83 to 1.25) 1.21 (0.99 to 1.47)
Fully adjusted for all covariates‡ 1 1.01 (0.82 to 1.24) 1.19 (0.97 to 1.46)
*p<0.001.
†Association tested using Zero Inflated Negative Binomial Regression Method.
‡Fully adjusted for age, sex, religion, health-related behaviours, material resources, social support and social capital.
IRR, Incidence Rate Ratio.
Mathur MR, et al. BMJ Open 2014;4:e006391. doi:10.1136/bmjopen-2014-006391 5
Open Access
group.bmj.com on March 23, 2015 - Published by http://bmjopen.bmj.com/Downloaded from 
Funding This work was supported by a Wellcome Trust Capacity
Strengthening Strategic Award to the Public Health Foundation of India and a
consortium of UK universities. CM is funded by a NIHR Research
Professorship award.
Competing interests None.
Ethics approval University College London Research Ethics Committee and
Public Health Foundation of India Technical Review and Institutional Ethics
Committee.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data are available.
Open Access This is an Open Access article distributed in accordance with
the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://
creativecommons.org/licenses/by/4.0/
REFERENCES
1. Petersen PE. Priorities for research for oral health in the 21st
century—the approach of the WHO Global Oral Health Programme.
Community Dent Health 2005;22:71–4.
2. Petersen PE. The World Oral Health Report 2003: continuous
improvement of oral health in the 21st century—the approach of the
WHO Global Oral Health Programme. Community Dent Oral
Epidemiol 2003;31(Suppl 1):3–23.
3. Marmot M. Social determinants of health inequalities. Lancet
2005;365:1099–104.
4. Watt RG. Emerging theories into the social determinants of health:
implications for oral health promotion. Community Dent Oral
Epidemiol 2002;30:241–7.
5. Sisson KL. Theoretical explanations for social inequalities in oral
health. Community Dent Oral Epidemiol 2007;35:81–8.
6. Black D, Townsend P, Davidson N. Inequalities in health: the Black
Report. Harmondsworth: Penguin, 1980.
7. Whitehead M. Inequalities in health: the Black Report and the Health
Divide. Harmondsworth: Penguin, 1986.
8. Bartley M. Health inequality: an introduction to theories, concepts
and methods. Oxford: Blackwell Publishing Limited, 2004.
9. Karriker-Jaffe KJ, Foshee VA, Ennett ST, et al. Sex differences in the
effects of neighborhood socioeconomic disadvantage and social
organization on rural adolescents’ aggression trajectories. Am J
Community Psychol 2009;43:189–203.
10. Kohen DE, Leventhal T, Dahinten VS, et al. Neighborhood
disadvantage: pathways of effects for young children. Child Dev
2008;79:156–69.
11. Sabbah W, Watt RG, Sheiham A, et al. The role of cognitive ability
in socio-economic inequalities in oral health. J Dent Res
2009;88:351–5.
12. MoHFW. State of urban health in Delhi. New Delhi, 2007.
13. Gage JC, Overpeck MD, Nansel TR, et al. Peer activity in the
evenings and participation in aggressive and problem behaviors.
J Adolesc Health 2005;37:517.
14. Roberts C, Freeman J, Samdal O, et al. The Health Behaviour in
School-aged Children (HBSC) study: methodological developments
and current tensions. Int J Public Health 2009;54(Suppl 2):140–50.
15. Seidman E, Allen L, Aber JL, et al. Development and validation of
adolescent-perceived microsystem scales: social support, daily
hassles, and involvement. Am J Community Psychol
1995;23:355–88.
16. WHO. Oral health surveys; basic methods. 4th edn. Geneva: World
Health Organization, 1997.
17. Lewsey JD, Thomson WM. The utility of the zero-inflated Poisson and
zero-inflated negative binomial models: a case study of cross-sectional
and longitudinal DMF data examining the effect of socio-economic
status. Community Dent Oral Epidemiol 2004;32:183–9.
18. Census of India. Tables and statements. 2011. http://www.
censusindia.gov.in/2011-prov-results/data_files/delhi/3_PDFC-Paper-
1-tables_60_81.pdf (accessed 3 Nov 2012).
19. Christian B, Evans RW. Has urbanization become a risk factor for
dental caries in Kerala, India: a cross-sectional study of children
aged 6 and 12 years. Int J Paediatr Dent 2009;19:330–7.
20. Singh A, Sequiera P, Acharya S, et al. Oral health status of two
12-year-old socially disadvantaged groups in South India:
a comparative study. Oral Health Prev Dent 2011;9:3–7.
21. Armfield JM. Socioeconomic inequalities in child oral health:
a comparison of discrete and composite area-based measures.
J Public Health Dent 2007;67:119–25.
22. Freire MC, Sheiham A, Hardy R. Adolescents’ sense of coherence,
oral health status, and oral health-related behaviours. Community
Dent Oral Epidemiol 2001;29:204–12.
23. Perera I, Ekanayake L. Factors influencing perception of oral health
among adolescents in Sri Lanka. Int Dent J 2008;58:349–55.
24. Polk DE, Weyant RJ, Manz MC. Socioeconomic factors in
adolescents’ oral health: are they mediated by oral hygiene
behaviors or preventive interventions? Community Dent Oral
Epidemiol 2010;38:1–9.
25. Zurriaga O, Martíínez-Beneito MA, Abellán JJ, et al. Assessing the
social class of children from parental information to study possible
social inequalities in health outcomes. Ann Epidemiol
2004;14:378–4.
26. Poulton R, Caspi A, Milne BJ, et al. Association between children’s
experience of socioeconomic disadvantage and adult health:
a life-course study. Lancet 2002;360:1640–5.
27. Thomson WM, Mackay TD. Child dental caries patterns described using
a combination of area-based and household-based socio-economic
status measures. Community Dent Health 2004;21:285–90.
28. Sagheri D, McLoughlin J, Clarkson JJ. The prevalence of dental
caries and fissure sealants in 12-year-old children by disadvantaged
status in Dublin (Ireland). Community Dent Health 2009;26:32–7.
29. Van den Branden S, Van den Broucke S, Leroy R, et al. Effects of
time and socio-economic status on the determinants of oral
health-related behaviours of parents of preschool children. Eur J
Oral Sci 2012;120:153–60.
30. Jung SH, Watt RG, Sheiham A, et al. Exploring pathways for
socioeconomic inequalities in self-reported oral symptoms among
Korean adolescents. Community Dent Oral Epidemiol 2011;39:221–9.
31. Ravaghi V, Underwood M, Marinho V, et al. Socioeconomic status
and self-reported oral health in Iranian adolescents: the role of
selected oral health behaviors and psychological factors. J Public
Health Dent 2012;72:198–207.
32. Sanders AE, Spencer AJ, Slade GD. Evaluating the role of dental
behaviour in oral health inequalities. Community Dent Oral
Epidemiol 2006;34:71–9.
33. Vyas S, Kumaranayake L. Constructing socio-economic status
indices: how to use principal components analysis. Health Policy
Plan 2006;21:459–68.
34. Berry HL, Welsh JA. Social capital and health in Australia: an
overview from the household, income and labour dynamics in
Australia survey. Soc Sci Med 2010;70:588–96.
35. Putnam R. Bowling alone: the collapse and revival of American
Community. New York: Simon and Schuster, 2000.
36. Kahn RL, Antonucci TC. Convoys over the life course; attachment roles
and social support. In: Baltes PB, Brim O, eds. Life span development
and behaviour. New York: Academic Press, 1980. 253–86.
37. WHO. The Ottawa Charter for Health Promotion. Geneva, 1986.
6 Mathur MR, et al. BMJ Open 2014;4:e006391. doi:10.1136/bmjopen-2014-006391
Open Access
group.bmj.com on March 23, 2015 - Published by http://bmjopen.bmj.com/Downloaded from 
Delhi, India
and their determinants in adolescents in New 
Socioeconomic inequalities in dental caries
and Richard Watt
Manu Raj Mathur, Georgios Tsakos, Christopher Millett, Monika Arora
doi: 10.1136/bmjopen-2014-006391
2014 4: BMJ Open 
 http://bmjopen.bmj.com/content/4/12/e006391
Updated information and services can be found at: 
These include:
References
 #BIBLhttp://bmjopen.bmj.com/content/4/12/e006391
This article cites 28 articles, 2 of which you can access for free at: 
Open Access
http://creativecommons.org/licenses/by/4.0/
use, provided the original work is properly cited. See: 
others to distribute, remix, adapt and build upon this work, for commercial
the Creative Commons Attribution (CC BY 4.0) license, which permits 
This is an Open Access article distributed in accordance with the terms of
service
Email alerting
box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the
Collections
Topic Articles on similar topics can be found in the following collections 
 (944)Public health
 (19)Dentistry and oral medicine
Notes
http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:
http://journals.bmj.com/cgi/reprintform
To order reprints go to:
http://group.bmj.com/subscribe/
To subscribe to BMJ go to:
group.bmj.com on March 23, 2015 - Published by http://bmjopen.bmj.com/Downloaded from 
